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(54) Reinlorcing member with intersecting support legs 



(57) A reinforced stnjctural member is provided 
which Includes a reinforcing member received In the 
cavity (92) of a structural mennber (22). The relnfoicing 
member (20A) Includes a carrier (28) having divergent, 
iniereecling legs (54,56) which preferably engage and 
rest upon the cftructural member (22), a thennally ex- 
pandable reinforcing material (30). and a fastener (32) 
for coupling the reinforcing material (30) to the carrier 
(26). The thennally expandable reinforcing material (30) 
is preferably provided as separate elements positioned 



on the carrier (28), whereby upon activation by heat, the 
expandable material (30) melts, foams and expands so 
that after curing, the structural member (22) is bonded 
to the carrier (28). The shape of the carrier (28) In com- 
bination with the expanded refriforcing material (30) 
serves to stiffen and reinforce the structural member 
(20). The thermally expandable material (30) is prefer- 
ably initially dry and non-tacky, and the fasteners (32) 
serves to maintain the relative position of the reinforcing 
material elements (34.36,38.40) on the carrier (28) prior 
to activation of the reinforcing material (30). 
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Description 

BACKGROUND OF THE INVEISTTION 
Reld of the Invention 



10 



foamJ,g stmctural re nfofdng materials, which are coupled to a carrier haSing lnter.;Sng legsTo pTwe aSIo7^5 
men*er9..„9Bdd«K.„allocalized8fiff„e88toframe8.rails.stnx*u«s„™^^^^ 

memben^Such a re«forc,ng member may be useful in archtteCurar. automotive aviation marine. ^ anyX^TS 
cat»n8 where increased support cr stUfness would reduce vibration, noise and/orfatigue propagation, or JouW pro!Se 
remrorcen^mto enhance sln«uralslrengthorprovideenergymanagementdurlngcrash.cLr^^^ 



Description of the Prior Art 



S,™ tl ® f«cogn«ed that toamable materials may be used to bond together separate components 
Structural foams urethanes. and other thennally expansWe foaming materials have b^n used to«^ten^^c^te 

earners in he auiomotn«field are rilustrated in Patent No. 5.194.1 99 to Thum. U.S. Patent No 5 344.208 to Btai 
et aL and U.S. Patent Nos. 5^75.526 and 5.755.486 to Wycech. Another example of the UseTtJen^XC^^i 
materials on a earner and used primarily as a baffle composWon Is shown In U S Patent No 5 SmTm Tn S!.^ «T 

SSJL^^I! •»«"^/«'*»*f "ses of expandable materials in reinforcing, baffling and sealant ap. 

plications, there has developed a need for a si,«pllf fed mir,fo«:ing member which will provi^ stmentaTandSS^ 
mem to a sunounding structural member. The use of expansible reinforemg materials which a« wd^ 

installa^. or to o.h£c,«^, surfaces wh^X c^rirrnJ^t^r t^T^ ^^^^ 

n«1«nab w-l not readily retain dirt, dus, or other contaminants. AddrtionalV. these materiatewmS ZjtSS 

c;:i:i'ofrroXrrit - ^-^^ --^'^ 

SUMMARY OF THE INVENmON 

S!!!lL^*.*'"I''"""?,T**' ''^ P'^*^"* P™^*^** slgnihcanl advantages over prior carrier and ex- 

pandable matenal combinations in manufacturing, handlina and use over orfar «.rHor 11-^ . !!. ^ 

upon activation to bond to two or more surfaces of the srmcuimi morT,K«r 4« • ■ T "^^^^ expano 

Th.la.len»m.,l»p»»«o..p.«eyor«.part<«ll»c9rri«,aiid|»«cmbly|»wldM^ 
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struclural member therein wKh the reinforcing material in engagement with or proximate to the structural merrtber prior 
to activation. 

|OO06] The reinforcing material is Ihennally expansible, ©itherby internally created thennal energy or by the external 
application of heat to activate the material. As used herein, the term thenmally expansible" means to foam and thereby 

5 expand by both Internally created thermal energy andthe external application of heal to expand and foam the reinforcing 
material. The thermally expansible reinforcing material is preferably a synthetic resin-based material which foams when 
subjected to temperatures achieved during baking In a manufacturing process (e.g., such as during the paint and 
powder coat bake stage ot automobile menufecluring processes). Thus, the expansion temperature of the material 
ehoukJ bo at least about 300*F. 

to [0007] The foregoing advantages to the present invention will be readily appreciated by those skilled In the art with 
reference to the drawings and descriprion which follow, which are Intended to be exemplary rather than limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

is [0008] 

Figure 1 is a plan view of a reinforcing member with the cover ot the stmctural member removed to show the 
positioning of two sections of the reinforcing material held by the pins; 

Fig. 2 is a vertfcal cross-secttonal view taken atone line 2-2 of Rg. 1 through the reinforcing member and surround- 
20 ing structural member of the present inventbn, whh the expandable reinforcing material provided in secttons at- 

tached to the canrier by a pin; 

Rg. 3 is a vertfcal secllonal view taken along Hne 3-3 of Rg. 2, with the right sidewall of the structural member 
broken away to show the reinforcing material attached to a side leg of the carrier; 

Fig. 4 is a vertfcal cross-sectional view of a second embodiment of the present invention taken through the rein- 
as fordng member and surrounding stmctural member to show an alternate configuration of the carrier including 
upwardly extending upper support legs and divergent legs receding reinforcing material on the side-facing surfaces 
thereof; 

Fig. 5 is a vertical cross-sectk>nal view of a third embodiment of the invention taken through the reinforcing merDber 
and sun^ounding stmctural member to show the divergent legs intersecting wrth a lop panel of the carrier and the 
30 reinforcing material positioned thereon; 

Fig. 6 is a vertfcal sectional view taken along line 6-6 of Fig. S; 

Fig. 7 is a plan view of a fourth embodiment of the invention, shown with the f toor pan removed to reveal the internal 
constmctlon thereof; 

Fig. 8 Is a vertfcal cross-secdonal view taken afcng tine 8-8 of Rg. 7 showing the canler having opposite-lacing 
half-cylinders with fasteners hokiing the reinforcing material in the U-shaped upper and fcwer grooves deHned 
thereby; 

Rg. 9 is a vertical cross-sedional view of a fifth embodiment of the invention taken through the reinforcing member 
and sumounding struclural member to show a carrier configured similarty to that shown in Rg. 1 and having at- 
tachment tabs along the edges of the upper panel tor gripping the reinforcing material positioned thereon; 
Fig. 10 is a plan view of a sixth embodiment of the invention similar to that shown in Rg. 1 but wherein the fastener 
for holding the material elements to the upper plate of the carrier include bendable tabs located along the side 
margins of the upper plate of the carrier; 

Fig. 11 is a vertical cross-sectional view taken along line 11-11 of Fig. 10; 

Fig. 1 2 is a plan view of a seventh embodiment of the invention showing a carrier configured similariy to that shown 
In Rg. 1 and having bendable attachment tabs fonned into the upper panel of the canrier interioriy of its edges and 
penetrating through stols provided in and gripping ihe reinforcing material placed thereon; 
Fig. 13 is a vertfcal cross-seclional view taken along line 13-13 of Rg. 12. showing the tabs gripping the material 
on the upper plate of the carrier; 

Fig. 14 is a vertfcal sectional view of a stni further en^odiment in accordance with the invention similar to the 
embodiment of Figs. 1-3. but with additional expandable material secured to the central upright portion of the carrier; 
Fig. 16 Is a vertical sectional view taken along line 15-15 of Fig. 14; and 

Fig. 1 6 is a vertfcal sectional view similar to that of Fig. 1 5 but depicting the stmctural member after expansfcn of 
the structural reinforcing material. 

DESCRIPTION OF THE PREFERRED EMBODIMENT . . 

10009} Referring now to the drawings, a structural reWordng member 20 in accordance with the present fnventton 
is configured for positioning in a stmctural member 22. The stmctural member 22 may include, for example, a channel 
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24 of an automobile used as e frame member such as an engine or side rail and covered with a flal plate 26 for use 
as a floor pan. However, this is only one applicalion for the present Invemten, which may be used as a component of 
tho fuselage or wing of an aircrafl, the hull or bulkhead of a boat or ship h manne applicatbns, or as beams or com- 
ponents of floors, walls or ceilings of a building. 

(OOIOJ The reinforcing member 20A as shown in Figs. 1-3 broadly Includes a carrier 28, expandable reinforcing 
material 30 and a fastener 32 for mechanically Interconnecting the reinforcing material 30 to the carrier. The reinforcing 
material 30 is preferably provided as discrete reinforcing material elements 34, 36, 38 and 40 attached to the carrier 
28 by respective fasteners 32 In positions on the canier which are sufficiently proximate the structural member 22 to 
pemnit the material elements to expand upon activation and bond to both the stnictural member 22 and the carrier 28. 
|001 11 In greater detail, the earner 28 is preferably elongated and configured as hivo interconnected, baclc-lo-back 
sheet metal sections 42 and 44. Each section 42 and 44 includes an upper shelf 46 which collectively define an upper 
panel 48. The sheh/es 46 each include an upturned flange 50 at the outer edge. An upright web 52 extends downwardly 
from the shelves 46 to respective first and second divergent legs 54 and 56 which dhrerge from intersection 57. Each 
of the divergent legs includes an upper elbow 58, an outwardly and downwardly extending skirt 60 having at least one 
hole 62 therein, and an inwartfly extending foot 64 whteh is configured to rest on the opposed inner wall suHace of the 
channel 24. The sheh«s 46 further include a first, relathrely large opening 66 for receiving fastener 32 therethrough, 
and a second, smaller hole 68 spaced from opening 66 for receiving a rivet 70, sheet metal screw orthe like therethrough 
to hold the canier 26 to the plate 26. 

[0012] The reinforcing material 30 used in the present Invention is a dry. initially non-lacky material that develops 
adhesion upon foaming and expansion so that it adheres to the surrounding stnxrtural members when activated. Ac- 
th^alion may be by heating, such as occurs in automobile assembly plants. When subjected to a temperature of at least 
about 300*F, the thermally expansible reinforcing material should have a percent expansion of at least about 40%. 
preferably at least about 125%, and more preferably at least about 150%, but less than about 300% to provkie 8Uffk»ent 
structural reinforcement and compressive strength, wherein the percent expansion (as used herein) is defined as: 

1 00 x ff (the specifk; gravity of the material 30 before heating) - (the 
specffic gravity of the material SO after heating)] / (the apecric gravity 
or the material 30 after heating)}. 

[0013] One particularly preferred composition for use as material 30 is ccmmerciall2ed under the name SikaFtein- 
forcer (SIka Corporation. Madison Heights. Michigan). In more detail, the most preferred material 30 comprises- from 
about 20-30% by weight of a slyrene-butadiene-styrene (SBS) block co-polymer (e.g.. Rna Clear 530<9): from about 
5-20% by weight of a polystyrene (e.g., Fine Crystal 500® and Fine Crystal 635®); from about 30-45% by weight of 
a bisphenol A-based liquid epoxy resin (e.g. Araldite 601 0® and Epon 71® ); from about 0.5-5% by weight of a pigment 
such as carbon black; up to about 5% by weight butadiene acrylo nilrile rubber (Nipol 1411); from about 1-10% by 
weight hydrated amorphous silica (HiSIl 233); from about 10-20% by weight glass mfcrospheres (Scotchlite S60)-from 
about 0.1-5% by weight of a btowing agent such as azodicarbon amide (e.g.. Celogen A2 765® . Celogen A2 754A® 
and Celogen A2 1 30® ); from about 0,01 -5% by weight of a catalyst such as N, N. dimethyl phenyl urea (U405)- f ronl 
about 0.1-5% by weight of a curing agent such as dicyandiamkie (DDA1 0); and up to about 5% by weight of a 'kJcker" 
such as zinc oxMe to tower the btowing temperature, with all pen^nts by weight being based upon the total weight of 
the material taken as 1 00% by weight. 

[001 4J A partlculariy pref en-ed composition of the material 30 is about 1 2.94% by weight polystyrene about 23^2% 
by weight SBS block copolymer, about 0.57% by weight carbon black, about 1.90% by weight butadiene acrytonltrile 
rubber, about 4.28% by weight hydrated amorphous silica, about 38.07% by weight bisphenol A-ba»ed liqukl epoxy 
resin, about 14.75% by weight glass micraspheres, about 0.46% by weight zinc oxide, about 2.86% by weight dtoyan- 
diamide. about 0.38% by weight N.N dimethyl phenyl urea, and about 0.57% by weight azodlcarbonamide. In certain 
applications where increased compressive strength and reduced foaming and expansfon is desired, the foregoing may 
be adjusted such that the polystyrene is reduced to about 12.63% by weight, the SBS block copolymer is reduced to 
about 22.59% by weight, and the butadiene acryionitrHe mbber Is increased to about 2.65% by weight 
(00151 The material 30 can be formed by mixing the SBS block co-polymer with a small portion (about IMOih of the 
total amount) of the bisphenol A-based liquid epoxy resin in a heated mixer until the temperature of the mixer reaches 
from about 240-260'F (the temperature of the mixture within the mixer is at least about 175-F) and the mfatture is 
substantially homogeneous, at which time the polystyrene is added to the mixer and mixing is continued. After the 
polystyrene is aubstantially mixed with the SBS block co-polymer/epoxy resin mixture, the remainder of the bisphenol 
A-based epoxy resin is slowly added to the mixer, stopping and starting the mixer as necessary, with the ingredients 
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being thoroughly mixed to obtain a substantially homogeneous mixture. The desired amount of this mixture Is placed 
in a healed mixer (set at a temperature of about 250*F) and mixing is commenced. While mixing, the carbon blade ami 
rubber are added to the mixer and mixing is stopped once a homogeneous mixture is obtained within the mixer. Either 
the silica or glass microspheres is added to the mixer, and mixing is resumed and continued until the mixture is homo* 

5 geneous. This step Is repeated, adding the other of the silica or glass microspheres. 

[0016] The temperature of the mixer is then set to a temperature below 160*F, the blowing agent(6), catalyst(8), 
kicker, and curing agent(s) are added and mixing Is resumed and continued only until the mixture is homogeneous. 
The resulting mixture is then preterably extruded into strands (at an extnider temperature of 170-1BO*F and screw 
rotation speeds of about 400 rpm) and cut into pellets. The resulting pellets are injection nnolded at a temperature of 

10 about 1 60-200'' F using injection molding equipment designed to fonn the desired shape of the portion to be attached 
to the carrier 28. 

(0017] The material elements 34 and 36 are configured as essentially fiat, rectangular shaped pieces sized tor receipt 
on the upper panel 48. Each element 34 and 36 includes a circular opening 72 extending to the outer margin of the 
elements 34 and 36 for receipt of the rivet 70 or other fastener therein and radially spaced outwardly therefrom. A hole 

15 74 having a recess 76 Is also provided in the elements 34 and 36 for receiving the fastener 32, illustrated as a nylon 
push pin, therethrough, the head of the fastener being at least partially received in the recess 76. 
[0018] The material elements 38 and 40 are configured as elongated prisms for mounting on ttie outward-facing 
sides 78 and 80 of the legs 54 and 56, respectively. The elements 38 and 40 each include an aperture 82 for receh/tng 
the fastener 32 then?through, with a depression 84 for facilHating access to the fastener 32 during assembly. The 

20 material elements 38 and 40 are oriented to expand and foam during heating to bond the carrier 28 to the sidewalls 
as and 86. respectively, of the channel 24, while the base 90 of the channel 24 opposite plate 26 is not contacted by 
the expanded reinforcing material. 

[0019] The reinforcing member 20 is preferably attached to the plate 26 by rivets or the like, the plate is placed on 
the channel 24 so that the reinforcing member 20 is positioned within the cavity 92 defined by the plate and channel. 

S5 The structural member Is then placed in an oven and baked In an oven at a temperature of at least about 300*F and 
more preferably about 325*F for a period of between about 1 0 to about 30 minutes which causes the material to foam, 
end may be cooled at room tenrrperature and thereaner again placed into the oven for a similar period. After cooling, 
the reinforcing material will have expanded by foaming and bonded to the interior of the structural member as shown 
in Fig. 3, having expanded at least 40%, and more preferably 1 25%, and most preferably at least about 1 50%, but less 

30 than about 300% to provide adequate rigidity and compressive strength. As shown by the dashed lines in Fig. 3. the 
resulting reinforced structural member 94 will Include the carrier 28 with the intersecting legs bonded by the reinforcing 
material 30 to the surrounding structural member 22 whereby additional stiffness and strength is imparted to the struc- 
tural member without the added weight which would result If the cavity 92 were completely filled with the reinforcing 
material 30. 

as [0020] Fig. 4 illustrates a second embodiment 20B of the reinforcing member which is similar to that shown in Figs. 
1 -3, with like numbers used to indicate like components. The reinlorcing member 20B Includes a modified canier 96 
of continuous and unitary construction, wherein the upper panel 96 has outer bends 100 and 102 along ils lateral 
edges. The upper panel 98 is held In place by inclined side panels 104 and 106. The divergent legs 1 08 and 110 extend 
downwardly to engage the channel 24 at their respective inwardly turned feet 112 and 114 which may rest against the 

40 channel 24. A vertically shortened web Is provided at waist section 116. whereby the legs 1 08 and 1 1 0 intersect, with 
the waist halves 1 1 8 and 1 20 maintained in contact by a spot weld, a threaded fastener, rivet, or other fastening member. 
The reinforcing member 20B is used as described above with respect to Figs. 1 -3. 

[0021] Figs. 5 and 6 lllustrele a third embodiment 20C of the reinforcing member with like numbers ueed to indicate 
like components. The retnfonnng member 20C is similar to that shown in Figs. 1 through 4 but is provided with elongated 
45 supporting legs 122 and 124 wherein the web 52 is eliminated. The legs 122 and 124 are respectively located on 
inverted generally L-shaped hahres 126 and 1 28 having shelves 1 30 and 132 which fonn upper plate 48. The shelves 
and legs intersect at juncUon 134 which may be provided with spot welds tongltudinaBy therealong to hold the halves 
1 26 a nd 1 28 together. The upper plate receives material elements 34 and 36 thereon as described above, but supporting 
legs 122 and 124 receive prism-shaped side material elements 136 and 138 whk:h are slightly increased in height to 
ensure sufficient contact with the sidewalls of the channel 24 during expansion. The material elements are held In 
place by nylon push pin fasteners 32 as described above. The reinforcing member 20C is used as described above 
with respect to Figs. 1*3. 

[0022] Figs. 7 and 8 illustrate a fourth embodiment 20D of the reinforcing member of the present invention. The 
carrier 1 40 of the fourth embedment includes two V-shaped carrier halves 1 42 and 1 44, the letter Inverted. Each carrier 
half includes hvo divergent legs 1 46 end 1 46 intersecting at an apex 1 50. with the hahm 1 42 and 1 44 joined at their 
respective apk:es by spot welding 160 or mechanical fasteners. The material 30 is shown in two prism-shaped upper 
and k>wer elements 152 and 154 respecth^ely received within the legs 146 and 148 of each half 142 and 144. Thus, 
upon heating, the upper element 152 foams and expands to contact the plate 26 while the lower element 154 foams 
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and expands to contact the channel 24 atona Its base sn WhiiA ««h. . . ^ 

[0023] A fifth embodiment of the rehfordna memhAr pop nf «h« : . .. 

« v.ewbeingsut«tantialbrsimitertothatsho3 F^^ow^^^^^^^^ ^- '"P P-^" 

iei comprlsingtwe laterally elongated halves 162and"l6^^^^^^^^ 

wans are shown as being substantiafly circular in confiouratlon h.rt^K fespecUvely. The arcuate 

distributing loads applied thereon. The f^^ie^a^^SZ nr»f k ^ ^"^P^"" 

at their imersection 169 approximaT^ mW^ai^^^ 

walls to the Plate 26 l,y ^J^Tl^^^^^ZX ,^! ^m^T bT'h'"' the edges 1 70 of the 

The wans 166 and 1 68 thus each present ZvlZr^ZT,Tl^!%V^ - ^. ° ""^'^"^''i' hourglass shape, 
teners 32 therethrough. The reintordnrn«^^n?3i fs^^L-!^^^^ having openings 173 therein lor receiving fas- 
174 and 176 having Soles 178 and ZS^s i bo alioZ SLt "^^ subrtantlally hall-cylindrical elements 
through. Upon heating as de^^r^^ Z^Z nlST.l^^^ "TT '7 '°' '^"'""^ '^'^'^ ^ '^''^ 
Plate 26 and the elen^nt 176 bonds the^L;rier to t^^^^^^^^^^ "'"^'^ '^'^ ^ the 

However. ir.steadol employing separate asCretol^^^ numbers are used to indicate like elemenls. 

panel 48. the fastener £ pL'de^TS^^rcLj^^^^^ "PPer 
» reinlorclr«eieme>rt 182 Is provided. The cS ?^u*s bldThrr J' .^^ rectangular upper 

along the side margins 1B8 and 190 ol^^^^^^^T^J^^^^S^T^Ti:^^^*^ longltudlnBlly spaced 
panel 4Bpriortoat.Lment of the caSmeJ^telelr^^ 

inwardly from the flanges 50 BlorJZll^^^iL1i^]°- ZT" " ""^^^ 192 which extends 

hold the element agaiL U>^bJ^Z^^S^Z^Xs^1''Z1 T"""' " carrier 1 84 to grip into and 
* reference to Rgs. I-Sabove. ^"™'"*'''^'-^«'«e«>f»>'ere.n1orc.ng member 20F is as described w»h 

[00251 Seventh embodiment 20G of the reinfoicino member of the Dr«tontin«.««„- 1 ■ ^ 

The reinforcing member 20G b sh,ilarto that shown SfiTTs an^lO l^d ? I"*" ^'^^ 

like elements. However, the carrier 1 94 of the reintbrcino r^Tmh^r on J f f '"*^'««t« 
46 Of the carrier 194 inboard of theTuTm^ST^il^^'^i^'''''^ flrippingtabs 196 formed in the shelves 
« present slots 200 therethrough in reJ^^S^lVn,f«nr„n!^' "^^^ ^^info-cing element 198 configured to 

the sheh«s 46 to presem^n n^zS^anX S^^^ i^'" "^'T P^^^^^^ "^eet metal making up 
202 emending through ,t,e «hickn^ ciL ^3 IfeSnn 96 a^d^^^^^^^^ ""^^^ " 

outboard, as desired) of the slot 200 so that *rfin«.T^ri;l th! .""Sf^^* t""*- «»ver the material inboard (or 

30. upon Sating of the maleSl aoT^eLrib^d S "JlTett In ''^^ '° °' ^t*''^* 

rnoH. foam and «pandtoconfactthecarrSdtheX2LtJ^^^^^^ elemen1s34 and 36. 152. 162. 182, and 188 
38 and 40 or 136 and 138 mel. and e,^rwr^i^Si ;o "^^^^ 

carrier with the sidewalls 86 and 88. wr,«pcS to ftr2,l3S.r ^ «l«PBnding. divergent legs of the 

provided as elements 154 and 164 mete ^oa^io^J^lr 7 TT'^ ^ ^OE. the material 30 
21 6 of the structural member 22. A^r cun^oTfTmatelT L T'J . '° ^08 and 

divergent, intersecting legs of the camer^er^e to heTo H tt ^ •Ubstantlally stiffened. The 

the need to attach the caL to the p7aS thitgl^at surr:.Z?K'' f"!'" ''^ ^^""""""^ ^'""""^^ 
hold the material 30 in place prtor to heatS. ^"PPorled by the structural member 22 and the fasteners 

[0027] Attention is next directed to Ftas. 14-16 vrtifch iiiiLetrat<i « ^. 

Similar to the original embodiment of FiJ 1 -3- ^^rSnl^ k^li embodiment of the Inventten whteh Is very 
these embodiments. The principal Snce be^ee?*?;!/^^^ 2"'"*'^'' '° ^ components in 

Vision Of addlttonal expandable materiSn^^tl^Jf'^^ ? ' ^"'^ °^ '^'S^" ^"^ « the pro- 

atong the tength of the web 52. TJ^^^^?^^2^Zes^^^"r^"^^ 212. 214 affbced to and extending 
through appropriate openings In the etementsTnd wi as St seen h fL isTI '^''""^^ "^'^ ^"^"^ 
of conventional, highly expandable material whfchw"»e»anriun2.^^^^^^ If '^^ eten«erte212. 214 ereformed 

but toamuch greater volumetric extent AnrcSlteL^^^^ 

xieni. An exemplary matenal for use m elements 21 2, 21 4 is disctosed in US. Paten 
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No. 5,266.1 33 to Henley et at., which is incoiporated by reference. Such a material is nnarketed underthe name SfkaBaf- 
fie 240 by Sika Corporation. 

[0026] Fig. 1 6 illustrates the configuration of this embodiment after baking. That Is, the elements 34-40 each expand 
to Bssurne configurations of the type shown at 34a, 36a, 38a and 40a, so that a bonding occurs between adjacent 
5 surfaces of the structural member to provide stiffening and stmctural support. In addition however, the elements 212, 
214 expand to essentially completely fill the void or open space not filled by the expansion of the elements 34-40, as 
seen at 214a, 212a. The use of such additional, highly expansible elements provkles additional support for the structural 
member. 

[0029] Although preferred forms of the invention have been described above, It is to be recognized that such d'iscio* 
10 sure is by way of illustratbn only, and shouM not be utilized in a limiting sense in interpreting the scope of the present 
invention. Obvious modifications to the exemplary embodiments, as hereinabove set forth, could be readily made by 
those skilled in the an wfthout departing from the spirit of the present invention. For example, while the can-ier as 
described herein Is shown generaBy of metal such as steel or aluminum, It may also be provided of nylon or other 
synthetk: resin having a melting temperature substantially above the temperature at which the reinforcing material 30 
IS mefts and expands . Addftionally. the reinforcing material may be provided of other compositions such as two-component 
foaming compositions which have an exothermic chemical reaction when combined whkrh will react and foam to bond 
the earner to the stru:tural member after curing. 

|D030] The inventors hereby state their intent to rely on the Doctrine of Equivalents to determine and assess the 
reasonably fair scope of their invention as pertains to any apparatus not materially departing from but outside the literal 
so scope of the Invention as set out in the following claims. 



Claims 

25 1 . A reinforced structural memt>er comprising: 

a channel (24) presenting a base (90) and a pair of generally upright sidewalls (66.88); 
a plate (26) overlying said channel (24) to define a cavity (92) bounded by said channel (24) andsaki plate (26); 
a carrier (26.96,140,161,184,194) positioned in said cavity (92), saM carrier (28,96,140,161.184,194) having 
30 two intersecting divergent legs (54,56,108,110,122 ,124 ,146,148,171 ,172); 

a thermally expansible reinforcing material (30); and 

a fastener (32) coupling said reinforcing material (30) to at least one of said legs (54.56,108. 
110,122,124,146,148,171,172). 

35 2. The member of clabn 1 . said reinforcing material (30) comprising a n SBS bk>ck co-polymer, a polystyrene, a rubber, 
B bisphenol A-based liquid epoxy resin, carbon black, silica, glass microspheres, a blowing agent, a calaiyst, and 
a curing agent. 

3. The member of claim 1 or 2, there being reinforcing material (30) coupled to both of saM legs 
40 (54,56.108.110,122,124,146.148,171,172). 

4, The member of one of the preceding claims, there being reinloncing material (30) coupled to said canier 
(28,96.140,184,194) above said legs (54,56,108, 110,122.124). 

45 5. The member of one of the preceding claims, said carrier having an upper shelf (46,130,132) generally transverse 
to said sidev^lls (86,88) there being reinforcing material (30) coupled to the face of said shelf (46) remote from 
said legs (54,56.122,124). 

6. The member of one of the preceding claims, said legs each having an elongated foot (64,1 12,1 14) engaging a 
50 corresponding portk>n of said channel (24). 

7. The member of one of the preceding claims, said carrier presenting inclined side panels (104,106) extending 
upwardly from saW legs (108,110) and supporting an uppermost panel (96), there being reinforcing material (30) 
secured to the face of said panel (98) rerrwte from said legs (106.110). 

55 

8. The member of one of daims 1-6, said canier presenting an uppennost panel (48), sakl legs (122.124) extending 
downwardly from said panel (46) to engage said channel (24). 
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9. The member of one of claims 1-3. said earner (140) presenting two opposed carrier halves of generaiv V-shaped 
cross-sectional configural^n (142.144). there being remforcing material (30) secured to each of saW hah« 

10. The member ol one o^^^^^^^ 

configuration (162.164). there befng reinforcing material (30) secured lo each of said halves (lS 

11. Thememberofoneoftheprecedingclalms,saldfastener(32)comprlslnggrippingtabs(196)fo^^ 

(194). said tabs extending into slots (200) fom)ed In said reinforcing material (30). InsaWcarrier 

12. The member of one of the preceding claims, said fastener (32) comprising a synthetic resin friction fastener 

13. The member of one of the preceding claims, including synthetic resin expansible material (30) coupled to said 
carrierdrfferen thanse,df.r^t.m^^^ 

ing to essentially completely fill said cavity (92). ^y^fooie upon nea(- 

14. The member of claim 13, said dffferent material (212^14) secured to said carrier (2B) above said tegs (54.56). 
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